
Meta-Analysis

Effect of honey on cardiometabolic risk factors: a systematic
review and meta-analysis

Amna Ahmed *, Zujaja Tul-Noor*, Danielle Lee, Shamaila Bajwah, Zara Ahmed, Shanza Zafar, Maliha
Syeda, Fakeha Jamil, Faizaan Qureshi, Fatima Zia, Rumsha Baig, Saniya Ahmed, Mobushra Tayyiba,
Suleman Ahmad, Dan Ramdath, Rong Tsao , Steve Cui, Cyril W.C. Kendall, Russell J. de Souza,
Tauseef A. Khan, and John L. Sievenpiper

Context: Excess calories from free sugars are implicated in the epidemics of obesity
and type 2 diabetes. Honey is a free sugar but is generally regarded as healthy.
Objective: The effect of honey on cardiometabolic risk factors was assessed via a
systematic review and meta-analysis of controlled trials using the GRADE (Grading
of Recommendations, Assessment, Development, and Evaluation) approach. Data
Sources: MEDLINE, Embase, and the Cochrane Library databases were searched up
to January 4, 2021, for controlled trials �1 week in duration that assessed the effect
of oral honey intake on adiposity, glycemic control, lipids, blood pressure, uric acid,
inflammatory markers, and markers of nonalcoholic fatty liver disease. Data
Extraction: Independent reviewers extracted data and assessed risk of bias. Data
were pooled using the inverse variance method and expressed as mean differences
(MDs) with 95%CIs. Certainty of evidence was assessed using GRADE. Data
Analysis: A total of 18 controlled trials (33 trial comparisons, N¼ 1105 participants)
were included. Overall, honey reduced fasting glucose (MD ¼ �0.20 mmol/L, 95%CI,
�0.37 to �0.04 mmol/L; low certainty of evidence), total cholesterol
(MD ¼ �0.18 mmol/L, 95%CI, �0.33 to �0.04 mmol/L; low certainty), low-density
lipoprotein cholesterol (MD ¼ �0.16 mmol/L, 95%CI, �0.30 to �0.02 mmol/L; low
certainty), fasting triglycerides (MD ¼ �0.13 mmol/L, 95%CI, �0.20 to �0.07 mmol/
L; low certainty), and alanine aminotransferase (MD¼ �9.75 U/L, 95%CI, �18.29
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to �1.21 U/L; low certainty) and increased high-density lipoprotein cholesterol
(MD ¼ 0.07 mmol/L, 95%CI, 0.04–0.10 mmol/L; high certainty). There were signifi-
cant subgroup differences by floral source and by honey processing, with robinia
honey, clover honey, and raw honey showing beneficial effects on fasting glucose
and total cholesterol. Conclusion: Honey, especially robinia, clover, and unpro-
cessed raw honey, may improve glycemic control and lipid levels when consumed
within a healthy dietary pattern. More studies focusing on the floral source and the
processing of honey are required to increase certainty of the evidence.
Systematic Review Registration: PROSPERO registration number
CRD42015023580.

INTRODUCTION

High intake of added or free sugars has been shown to
contribute to the rise in obesity, type 2 diabetes, and car-

diovascular disease.1 Health and nutrition guidelines call
for a reduction in consumption of added sugars, with

health agencies recommending an intake of no more than
5% to 10% of total energy intake per day.2,3 Most regula-

tory agencies, including the World Health Organization,
the Heart and Stroke Foundation, and the US Food and

Drug Administration, include honey within their defini-
tion of free or added sugars.2–4 In contrast, honey is often
regarded by the public as a healthier alternative to sugar,

with the National Honey Board Consumer Attitudes and
Usage Study of 2020 reporting that honey had surpassed

white sugar as the preferred sweetener.5,6

Honey is a complex composition of sugars (common

and rare), organic acids, enzymes, proteins, amino acids,
minerals, vitamins, and bioactive substances made by

honeybees from the nectar of flowers.7,8 It has shown
many benefits for cardiometabolic health in in vitro, ani-

mal, and clinical trials. Among these benefits are improve-
ments in body weight, inflammation, lipid profile, and

glycemic control. However, the evidence for this effect in
human studies has not been systematically evaluated and

quantified.9,10 Furthermore, it is unclear whether the effect
of honey differs by the type of honey, such as floral source,

and whether honey is raw or processed. Therefore, a sys-
tematic review and meta-analysis of controlled trials was

conducted to examine the effect of honey intake on
adiposity, glycemia, lipids, blood pressure, markers of

nonalcoholic fatty liver disease, and inflammatory
markers and to assess the certainty of the evidence using

the GRADE (Grading of Recommendations, Assessment,
Development, and Evaluation) approach.

METHODS

This systematic review and meta-analysis was con-

ducted according to the Cochrane Handbook for

Systematic Reviews of Interventions (version 6.1) and

reported using the PRISMA (Preferred Reporting Items
for Systematic reviews and Meta-Analyses) guidelines

(see Table S1 in the Supporting Information
online).11,12 The study protocol is registered at

PROSPERO (registration number CRD42015023580).

Data sources and search strategy

The MEDLINE, Embase, and Cochrane Central
Register of Controlled Studies databases were searched

through January 4, 2021. Tables S2 and S3 in the
Supporting Information online present the search strat-

egy. Validated filters from the McMaster University
Health Information Research Unit were applied to limit

the database search to controlled studies only.13

Electronic searches were supplemented with manual

searches of references from included studies.

Study selection

Randomized and nonrandomized controlled feeding

trials in humans of all health backgrounds and ages,
with intervention periods of 7 days or more, that inves-

tigated the effect of oral honey intake on adiposity
(body weight, body mass index [BMI], waist circumfer-
ence), glycemic control (fasting glucose, fasting insulin,

glycated hemoglobin [HbA1c], homeostasis model
assessment of insulin resistance [HOMA-IR]), lipids

(total cholesterol, low-density lipoprotein cholesterol
[LDL-C], high-density lipoprotein cholesterol [HDL-

C], fasting triglycerides, apolipoprotein B), blood pres-
sure (systolic blood pressure [SBP], diastolic blood pres-

sure [DBP]), uric acid, inflammatory markers (tumor
necrosis factor a [TNF-a], interleukin 6 [IL-6], high-

sensitivity C-reactive protein), and markers of nonalco-
holic fatty liver disease (alanine aminotransferase

[ALT], aspartate aminotransferase, and intrahepatocel-
lular lipid content) were included. Trials in which

honey was consumed with a cointervention (so that the
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effect of honey itself could not be isolated) or studies

that lacked an adequate comparator were excluded. No
restrictions were placed on language.

Data extraction and quality assessment

The following data were extracted from each eligible

study by at least 2 authors independently from a pool of
12 (A.A., D.L., Z.N., S.B., Z.A., S.Z., M.S., F.J., F.Q.,

F.Z., R.B., and S.A.): sample size, participant health sta-
tus, participant age, study setting, study design, compa-

rator, randomization method, floral source of honey,
processing of honey, form in which honey was deliv-

ered, energy control (whether honey was added or sub-
stituted in the diet), energy balance, duration of

intervention, funding source, and outcome data (see
Table S4 in the Supporting Information online).

Authors were contacted for missing outcome data when
it was indicated that an outcome was measured but not

reported. If outcome data were missing and it was not
possible to obtain the original data from authors, values

were extracted from figures using PlotDigitizer soft-
ware, where available.14

Each eligible study was assessed independently for
risk of bias by at least 2 authors from a pool of 12 (A.A.,

D.L., Z.N., S.B., Z.A., S.Z., M.S., F.J., F.Q., F.Z., R.B.,
and S.A.) using the Cochrane Risk of Bias Tool.15 Six

domains of bias were assessed (sequence generation,
allocation concealment, blinding, incomplete outcome

data, selective reporting, and other bias [carryover
effects]). Risk of bias was assessed as low (proper meth-

ods used to reduce bias), high (improper methods used
that created bias), or unclear (insufficient information

provided to determine the bias level). Crossover trials
that did not have a washout period between interven-

tions were assigned a high risk of bias in the “other”
(carryover effects) category; otherwise, the trial was

assigned a low risk of bias for this domain. All discrep-
ancies were resolved through consensus or arbitration
by the senior authors (T.A.K. and J.L.S.).

Outcomes

Mean differences (MDs) and standard errors between
the intervention and control arms were extracted for

each trial. If these values were not provided, they were
calculated using published formulas.11 Mean pairwise

difference in change-from-baseline values were pre-
ferred over end values. When median data were

reported, they were converted to mean data and varian-
ces using methods developed by Tiejun Tong and col-

leagues.16–18

Data syntheses and analyses

All analyses were performed using Stata software, version

16.1 (StataCorp; College Station, TX, USA). The principal
effect measures were the mean pairwise differences in

change from baseline (or, alternatively, end differences)
between the oral honey intake arm and the comparator

arm. Data were analyzed using the generic inverse variance
method with the DerSimonian and Laird random-effects

model.19 A fixed-effects model was used when fewer than
5 trial comparisons were available.20 Paired analyses were

applied to all crossover trials by using a within-individual
correlation coefficient between treatments of 0.5 for statis-

tical efficiency.21–23 When the intervention or control arms
were used more than once, the sample size was divided by

the number of times it was used to mitigate unit-of-
analysis error.11 Each pairwise comparison was considered

a separate trial for the purpose of this analysis.
Heterogeneity was assessed using the Cochran Q

statistic and quantified using the I2 statistic.11 Evidence
of substantial heterogeneity was considered when I2 was

greater than 50% and PQ (P value for heterogeneity)
was less than 0.10.11 Sources of heterogeneity were

explored by sensitivity analysis and subgroup analysis.
In sensitivity analysis, each trial was systematically
removed from the meta-analyses, and then the sum-

mary effect estimate was recalculated. A study was con-
sidered influential when its removal explained the

heterogeneity, changed the significance of the effect, or
altered the effect size for an outcome by the minimally

important difference or more.
Sensitivity analyses were also performed using cor-

relation coefficients of 0.25 and 0.75 to determine
whether the overall results were robust to the use of dif-

ferent correlation coefficients in crossover trials. When
4 or more trial comparisons were available, subgroup

analyses were conducted using meta-regression, with
significance at P< 0.05.24 A priori subgroup analyses

were conducted by floral source of honey, whether
honey was processed, participant health status, type of

comparator, dose of honey, duration of follow-up, study
design, baseline BMI, and individual domains of risk of

bias. Post hoc subgroup analyses were conducted by
participant age, randomization method, feeding control,

energy control, energy balance, and funding source.
Meta-regression analyses were performed to assess the

significance of each subgroup categorically, and contin-
uously when possible. If there was effect modification

by honey floral source or processing of honey, these
effects were further explored by post hoc meta-analyses.

Dose-response analyses were performed using
meta-regression to assess linear and nonlinear

(restricted cubic splines) dose-response gradients (sig-
nificance at P< 0.05) if there were 6 or more trials.24
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When at least 10 studies were available, publication bias
was assessed by inspection of contour-enhanced funnel

plots and formal testing with Egger and Begg tests (sig-
nificance at P< 0.10).25–27 If evidence of publication

bias was suspected, the Duval and Tweedie trim-and-fill
method was performed to adjust for funnel plot asym-

metry by imputing missing study data and assessing for
small-study effects.28

Certainty of the evidence

The GRADE approach was used to assess the certainty
of the estimates and to produce evidence profiles, with

the certainty of evidence graded as high, moderate, low,
or very low (GRADEpro GDT software; McMaster

University and Evidence Prime Inc, Hamilton, Ontario,
Canada).29–36 Controlled trials receive an initial grade

of high certainty and are then downgraded on basis of

the following prespecified criteria: risk of bias (assessed
by the Cochrane Risk of Bias Tool15), inconsistency

(substantial unexplained interstudy heterogeneity,
I2 > 50% and PQ< 0.10), indirectness (presence of fac-

tors that limit the generalizability of the results), impre-
cision (the 95%CIs for effect estimates overlap the

minimal important differences [MIDs] for benefit or
harm), and publication bias (significant evidence of

small-study effects). Criteria to upgrade the certainty of
the evidence on the basis of the presence of a significant

dose-response were applied.

RESULTS

Literature search

Figure 1 shows the flow of the literature search. In total,

809 reports were identified from databases and manual

Figure 1 Flow diagram of the literature search process.
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searches, 727 of which were excluded on the basis of

title and abstract. Of the 81 reports reviewed in full, 18
controlled feeding trials (33 comparisons) conducted in

1105 participants met the eligibility criteria.37–54 These
trials assessed the effect of honey on body weight (14

trial comparisons), BMI (10 trial comparisons), waist
circumference (1 trial comparison), SBP (11 trial com-
parisons), DBP (11 trial comparisons), fasting glucose

(20 trial comparisons), fasting insulin (8 trial compari-
sons), glycated hemoglobin (10 trial comparisons),

HOMA-IR (7 trial comparisons), total cholesterol (29
trial comparisons), LDL-C (29 trial comparisons),

HDL-C (29 trial comparisons), fasting triglycerides (29
trial comparisons), apolipoprotein B (1 trial compari-

son), high-sensitivity C-reactive protein (8 trial compar-
isons), IL-6 (5 trial comparisons), TNF-a (2 trial

comparisons), uric acid (5 trial comparisons), and ALT
(1 trial comparison).

Trial characteristics

Table 1 and Table S4 in the Supporting Information

online show the trial characteristics for all studies
included. Trial size ranged from 8 to 72 participants,

with a median of 43 participants. Most floral sources of
honey were polyfloral (24 trials), while the remainder

were clover (3 trials), robinia (3 trials), or milk vetch (1
trial); 2 trials did not report the floral source.

Processing of honey was mostly not reported (20 trials).
Seven trials included processed honey, 5 trials included

raw honey, and 1 trial examined honey that included
both processed and raw samples. Forty-two percent of

participants were healthy and of mixed weight (mix of
BMIs indicating normal weight, overweight, or obesity),

12% had obesity or overweight, 21% had type 1 or type
2 diabetes, 10% were glucose intolerant, and 15% had a

mixed health status. Participants tended to be middle-
aged, with a median age of 41.2 years (range, 10.5–60.7
years) and approximately equal ratios of both sexes.

Doses of daily oral honey intake ranged from 5 g to
125 g, with a median dose of 40 g. Trial comparisons

included the participant’s usual diet (70% of studies),
sucrose (15%), high-fructose corn syrup (6%), and

mixed comparators (9%). Almost all trials were
randomized (94%), and the duration of follow-up

ranged from 1 to 24 weeks (median of 8 weeks). Most
trials were performed in an outpatient setting, with half

of all trials conducted in the United States, Turkey, and
Pakistan. Trials were agency funded (government, not-

for-profit health agency, or university sources) (64%),
industry funded (3%), or did not report a funding

source (33%).

Trial quality

Figure S1 in the Supporting Information online shows

the risk-of-bias assessments by the Cochrane Risk-of-
Bias Tool. Owing to poor reporting, most trials were

assessed as having unclear risk of bias for most domains.
Few trials were assessed as having high risk of bias for

each domain (7% for sequence generation, 10% for allo-
cation concealment, 3% for blinding, 13% for incom-

plete outcome data, 0% for selective outcome reporting,
and 7% for other types of bias). Overall, there was no

serious summary risk of bias across the available trials.

Outcomes

Figure 2 and Figures S2 through S20 in the Supporting
Information online show the effects of oral honey intake

on cardiometabolic outcomes. Oral honey intake had a
beneficial effect on all lipid outcomes: reductions were

found in total cholesterol (29 trials; MD ¼ �0.18 mmol/L
[95%CI, �0.33 to 0.04 mmol/L], PMD (P value for the

mean difference) ¼ 0.011; substantial heterogeneity,
I2 ¼ 65.1%, PQ < 0.001), LDL-C (29 trials;

MD ¼ �0.16 mmol/L [95%CI, �0.30 to �0.02 mmol/L],
PMD ¼ 0.024; substantial heterogeneity, I2 ¼ 73.8%,

PQ < 0.001), fasting triglycerides (29 trials;
MD ¼ �0.13 mmol/L [95%CI, �0.20 to �0.07 mmol/L],

PMD < 0.001; substantial heterogeneity, I2 ¼ 63.4%,
PQ < 0.001), along with an increase in HDL-C (29 trials;

MD ¼ 0.07 mmol/L [95%CI, 0.04 to 0.10 mmol/L],
PMD < 0.001; no substantial heterogeneity, I2 ¼ 33.0%,

PQ ¼ 0.046). Oral honey intake also decreased fasting glu-
cose (20 trials; MD ¼ �0.20 mmol/L [95%CI, �0.37 to

�0.04 mmol/L], PMD ¼ 0.017; substantial heterogeneity,
I2 ¼ 76.8%, PQ < 0.001) and ALT (1 trial; MD ¼ �9.75

U/L [95%CI, �18.28 to �1.21 U/L], PMD ¼ 0.025). There
was a significant increase in IL-6 (5 trials; MD, 0.37 pg/

mL [95%CI, 0.01 to 0.74 pg/mL], PMD ¼ 0.046; no sub-
stantial heterogeneity, I2 ¼ 0.0%, PQ¼0.847) and TNF-a
(2 trials; MD ¼ 1.44 pg/mL [95%CI, 0.24 to 2.64 pg/mL],
PMD ¼ 0.019; no substantial heterogeneity, I2 ¼ 22.9%,

PQ ¼ 0.255). Oral honey intake had no significant effect
on any of the remaining outcomes.

Sensitivity analyses

Table S5 and Figures S2 through Figures S20 in the

Supporting Information online show the results of sensi-
tivity analyses for the use of different correlation coeffi-

cients and the results of influence analysis for each
outcome. The sensitivity analyses altered the significance

of some outcomes. Specifically, they demonstrated insta-
bility in the estimates of HbA1c, with the removal of

Bahrami et al39 resulting in a significant decrease in
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HbA1c. Similarly, SBP and DBP were altered by the
removal of Rasad et al,49 resulting in a significant

increase in both outcomes. Lastly, the significant
decrease in LDL-C was eliminated through the individ-

ual removal of 6 trials, demonstrating some instability in
this effect estimate as well.37,45,47 The systematic removal

of each trial did not alter the direction, magnitude, or
significance of effect for any of the remaining outcomes.

Subgroup analyses

Figures S2 through S20 in the Supporting Information
online show the results of subgroup analyses. Of the gly-
cemic outcomes, fasting glucose demonstrated evidence

of subgroup differences by honey floral source (decreas-
ing effect for clover honey and for honey without a

reported source, P< 0.001), processing of honey
(decreasing effect for raw honey, P< 0.001), participant

health status, and risk of bias in 1 domain, ie, allocation
concealment. Similarly, there was evidence of subgroup

differences by floral honey source for total cholesterol,
LDL-C, and fasting triglycerides, with clover honey and

robinia honey demonstrating a beneficial effect on these
outcomes (P< 0.05). Total cholesterol, HDL-C, and fast-

ing triglycerides additionally demonstrated evidence of
subgroup differences by processing of honey, with raw

honey showing a beneficial effect (P< 0.05). Lastly, SBP

demonstrated subgroup differences by dose (decreasing
effect of > 10% energy, P¼ 0.002), by the continuous

subgroup of dose (P¼ 0.010), and by the continuous
subgroup of BMI (for each unit increase in BMI, SBP

increased by 0.62 mmHg; 95%CI, 0.18 to 1.07 mmHg,
P¼ 0.006). The same results were not seen for DBP.

There was no evidence of subgroup differences in any of
the adiposity outcomes. Subgroup analyses were not per-

formed for waist circumference, apolipoprotein B, TNF-
a, or ALT, as there were fewer than 4 trials available.

Results by floral source and processing of honey

There were significant subgroup differences by honey flo-

ral source and raw honey for the effect on cholesterol and
glycemic outcomes. As a result, the effect of robinia honey,

clover honey, and raw honey on all outcomes was also
assessed (Figures 3 and 4). Of importance, raw honey

resulted in a reduction in fasting glucose (5 trials;
MD¼ �1.05 mmol/L, 95%CI¼ �1.90 to �0.20 mmol/

L), total cholesterol (5 trials; MD¼ �0.61 mmol/L,
95%CI¼ �1.07 to �0.14 mmol/L), and fasting triglycer-

ides (5 trials; MD¼ �0.27 mmol/L, 95%CI, �0.43 to
�0.10 mmol/L) and an increase in HDL-C (5 trials;

MD¼ 0.11 mmol/L, 95%CI, 0.02 to 0.20 mmol/L)
(Figure 3). Similarly, clover honey reduced fasting glucose

(2 trials; MD¼ �1.82 mmol/L, 95%CI, �2.35 to

Table 1 Characteristics of the trials included in the systematic review
Characteristic Trial detailsa

No. of trial comparisons 33
Median no. of participants (range) 43 (8–72)
Underlying disease status (no. of studies) Healthy mixed weight (n¼ 14), overweight/obesity (n¼ 4),

T1DM/T2DM (n¼ 7), impaired glucose tolerance (n¼ 3),
mixed health status (n¼ 5)

Female: male ratio (%)b 54:46
Median age in years (interquartile range)b 41.2 (10.55–60.7)
Age category (%; adult: children: mixed age) 90:10:0
Country (no. of comparisons) Egypt (n¼ 2), Germany (n¼ 1), Greece (n¼ 1), Indonesia (n¼ 1),

Iran (n¼ 4), Malaysia (n¼ 6), Pakistan (n¼ 5), Switzerland
(n¼ 2), Turkey (n¼ 6), USA (n¼ 5)

Study setting (%; inpatients: outpatients: inpatients/outpatients) 12:92:6
Median baseline BMI in kg/m2 (interquartile range)b 26 (20.7–40.2)
Study design (%; crossover: parallel) 30:70
Feeding control (%; metabolic: supplemented: dietary advice) 10:90
Randomization (%; yes: no: NR) 94:3:3
Median dose of oral honey intake in grams/day (interquartile range) 40 (25–70)
Median weeks of follow-up (range) 8 (1–24)
Funding sources (%; agency: industry: NR) 64:3:33
Honey floral source (no. of comparisons) Polyfloral (n¼ 24), robinia (n¼ 3), clover (n¼ 3), milk vetch

(n¼ 1), NR (n¼ 2)
Method of honey processing (no. of comparisons) Raw (n¼ 5), processed (n¼ 7), mixed (n¼ 1), NR (n¼ 20)
Comparator (no. of comparisons) Usual diet (n¼ 23), sucrose (n¼ 5), HFCS (n¼ 2), mixed (n¼ 3)
Energy control (no. of comparisons) Substitution (n¼ 12), addition (n¼ 21)
Energy balance (no. of comparisons) Neutral (n¼ 10), positive (n¼ 23)
Abbreviations: BMI, body mass index; HFCS, high-fructose corn syrup; NR, not reported; T1DM, type 1 diabetes mellitus; T2DM, type 2
diabetes mellitus.
aValues rounded to the nearest whole number.
bBased on studies that reported data.
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�1.30 mmol/L), total cholesterol (3 trials;

MD¼ �0.44 mmol/L, 95%CI, �0.63 to �0.26 mmol/L),
LDL-C (3 trials; MD¼ �0.38 mmol/L, 95%CI, �0.56 to

�0.20 mmol/L), and fasting triglycerides (3 trials;
MD¼ �0.31 mmol/L, 95%CI, �0.39 to �0.24 mmol/L)

and increased HDL-C (3 trials; MD¼ 0.08 mmol/L,
95%CI, 0.02–0.15 mmol/L) (Figure 4). Robinia honey

demonstrated beneficial effects on cholesterol outcomes,
with reductions in total cholesterol (1 trial;

MD¼ �0.69 mmol/L, 95%CI, �1.04 to �0.34 mmol/L),
LDL-C (1 trial; MD¼ �0.52 mmol/L, 95%CI, �0.78 to

�0.26 mmol/L) and fasting tryglycerides (1 trial;
MD¼ �0.20 mmol/L, 95%CI, �0.37 to �0.03 mmol/L]
observed (Figure 4).

Dose-response analyses

Figures S2 through S20 in the Supporting Information

online show the results of linear and nonlinear dose-
response analyses. There was a linear negative dose-

response effect on SBP, ie, each 10-g increase in honey

intake reduced SBP by 0.72 mmHg (P¼ 0.010). No

dose-response gradient was found for any of the other
outcomes. Dose-response analyses for waist circumfer-

ence, apolipoprotein B, TNF-a, uric acid, and ALT were
not performed because fewer than 6 unique studies

were available.

Publication bias

Figures S2 through S20 in the Supporting Information

online present the publication bias funnel plots and the
results of trim-and-fill analyses. There was evidence of

publication bias for fasting glucose (Begg test,
P¼ 0.194; Egger test, P¼ 0.033), with the trim-and-fill

method demonstrating small-study effects and the new
95%CI losing significance (MD ¼ �0.10 mmol/L

[95%CI, �0.30 to 0.09 mmol/L], P¼ 0.303). There was
also evidence of publication bias for fasting triglycerides

(Begg test, P¼ 0.253; Egger test, P¼ 0.007) and HDL
(Begg test, P¼ 0.626; Egger test, P¼ 0.024), but it was

not confirmed for either outcome using the trim-and-

Figure 2 Summary plot for the effect of honey consumption on cardiometabolic risk factors. The white squares indicate no downgrades
were made, while solid black squares indicate a single downgrade or upgrade was made for each outcome. Abbreviations: BMI, body mass
index; DBP, diastolic blood pressure; GRADE, Grading of Recommendations, Assessment, Development and Evaluation; HbA1c, glycated hemo-
globin; HDL, high-density lipoprotein; HOMA-IR, homeostasis model assessment of insulin resistance; hsCRP, high-sensitivity C-reactive pro-
tein; IL-6, interleukin 6; LDL, low-density lipoprotein; MD, mean difference; NAFLD, nonalcoholic fatty liver disease; PMD, P value for the overall
effect; PQ, Cochrane’s Q statistic; SBP, systolic blood pressure; SMD, standard mean difference; TNF-a, tumor necrosis factor a.

*Data are weighted mean differences (95%CIs) for summary effects of honey consumption on metabolic outcomes. Analyses were con-
ducted by generic, inverse-variance random-effects models (at least 5 trials available) or fixed-effects models (fewer than 5 trials available).
Between-study heterogeneity was assessed by the Cochrane Q statistic, where PQ < 0.100 is considered statistically significant, and quan-
tified by the I2 statistic, where I2 � 50% is considered evidence of substantial heterogeneity. The GRADE level of the certainty of evidence
of randomized controlled trials is “high” and can be downgraded by 5 domains and upgraded by 1 domain.

aFor the interpretation of the magnitude, minimally important differences (MIDs) were used to assess the importance of the magnitude of
the point estimate using the effect size categories according to new GRADE guidance.

bAn increase in HDL cholesterol signals a beneficial change in this outcome.
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fill method. Lastly, there was evidence of publication

bias for SBP (Begg test, P¼ 0.937; Egger test, P¼ 0.021),
but it was not confirmed by the trim-and-fill method,

which failed to demonstrate small-study effects. There
was no evidence of publication bias for body weight,

DBP, HbA1c, total cholesterol, or LDL-C. Analyses for
publication bias were not performed for BMI, waist cir-

cumference, SBP, DBP, fasting insulin, HOMA-IR, apo-
lipoprotein B, high-sensitivity C-reactive protein, IL-6,

TNF-a, uric acid, or ALT because there were fewer than
10 trials available.

GRADE assessment of evidence

Figure 2 and Table S6 in the Supporting Information
online present the GRADE assessments for the cer-

tainty of evidence. The reduction in fasting glucose

was rated as low, owing to downgrades for serious

inconsistency and the presence of publication bias.
The reductions in total cholesterol, LDL-C, and fast-

ing triglycerides were also rated as low certainty,
owing to downgrades for serious inconsistency and

imprecision. The increase in HDL-C was graded as
high certainty and was not downgraded for any of

the domains. The dose-dependent reduction in SBP
was rated as high certainty. Although it was down-

graded for imprecision for the pairwise response, it
was upgraded for the detection of a significant nega-

tive dose-response association. Similarly, the increases
in IL-6 and TNF-a were graded as moderate cer-

tainty, owing to downgrades for serious imprecision.
The reduction in ALT was graded as low certainty,

owing to downgrades for serious indirectness and
imprecision. The certainty of evidence varied from

Figure 3 Summary plot for the effect of raw vs processed honey consumption on cardiometabolic risk factors. The white squares indi-
cate no downgrades were made, while solid black squares indicate a single downgrade or upgrade was made for each outcome.
Abbreviations: BMI, body mass index; DBP, diastolic blood pressure; GRADE, Grading of Recommendations, Assessment, Development and
Evaluation; HbA1c, glycated hemoglobin; HDL, high-density lipoprotein; HOMA-IR, homeostasis model assessment of insulin resistance;
hsCRP, high-sensitivity C-reactive protein; IL-6, interleukin 6; LDL, low-density lipoprotein; MD, mean difference; NAFLD, nonalcoholic fatty
liver disease; PMD, P value for the overall effect; PQ, Cochrane’s Q statistic, SBP, systolic blood pressure, TNF-a, tumor necrosis factor a.

*Data are weighted mean differences (95%CIs) for summary effects of honey consumption on metabolic outcomes. Analyses were con-
ducted by generic, inverse-variance random-effects models (at least 5 trials available) or fixed-effects models (fewer than 5 trials available).
Between-study heterogeneity was assessed by the Cochrane Q statistic, where PQ < 0.100 is considered statistically significant, and quan-
tified by the I2 statistic, where I2 � 50% is considered evidence of substantial heterogeneity. The GRADE level of the certainty of evidence
of randomized controlled trials is “high” and can be downgraded by 5 domains and upgraded by 1 domain.

aFor the interpretation of the magnitude, minimally important differences (MIDs) were used to assess the importance of the magnitude of
the point estimate using the effect size categories according to new GRADE guidance.

bAn increase in HDL cholesterol indicates a beneficial change in this outcome.
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high to very low for all other outcomes, owing to

downgrades for inconsistency, imprecision, and
indirectness.

Figures 3 and 4 and Tables S6 and S7 in the
Supporting Information online present the GRADE

assessments for the certainty of evidence of results by
floral source and processing of honey. The reductions

in fasting glucose, total cholesterol, and triglycerides
and the increase in HDL-C observed with raw honey

intake were graded as low certainty, mostly owing to

downgrades for inconsistency and imprecision.
Likewise, the reductions in fasting glucose, total choles-

terol, LDL-C, and triglycerides and the increase in
HDL-C observed with clover honey intake were graded

as low certainty, also owing to downgrades for inconsis-
tency and imprecision. The reductions in total choles-

terol, LDL-C, and fasting triglycerides observed with
robinia honey intake were downgraded for imprecision

Figure 4 Summary plot for the effect of difference floral sources of honey on cardiometabolic risk factors. The white squares indicate
no downgrades were made, while solid black squares indicate a single downgrade or upgrade was made for each outcome. Abbreviations:
BMI, body mass index; DBP, diastolic blood pressure; GRADE, Grading of Recommendations, Assessment, Development and Evaluation;
HbA1c, glycated hemoglobin; HDL, high-density lipoprotein; HOMA-IR, homeostasis model assessment of insulin resistance; hsCRP, high-sensi-
tivity C-reactive protein; IL-6 , interleukin 6; LDL, low-density lipoprotein; MD, mean difference; PMD, P value for the overall effect; PQ,
Cochrane’s Q statistic, SBP, systolic blood pressure, TNF-a, tumor necrosis factor a.

*Data are weighted mean differences (95%CIs) for summary effects of honey consumption on metabolic outcomes. Analyses conducted
by generic, inverse-variance random-effects models (at least 5 trials available) or fixed-effects models (fewer than 5 trials available).
Between-study heterogeneity was assessed by the Cochrane Q statistic, where PQ < 0.100 is considered statistically significant, and quan-
tified by the I2 statistic, where I2 � 50% is considered evidence of substantial heterogeneity. The GRADE level of the certainty of evidence
of randomized controlled trials is “high” and can be downgraded by 5 domains and upgraded by 1 domain.

aFor the interpretation of the magintude, minimally important differences (MIDs) were used to assess the importance of the magnitude of
the point estimate using the effect size categories according to new GRADE guidance.

bAn increase in HDL cholesterol indicates a beneficial change in this outcome.
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and indirectness and were therefore graded as low

certainty.

DISCUSSION

This systematic review and meta-analysis of 18 con-

trolled feeding trials involving 33 trial comparisons in
1105 predominantly healthy participants of mixed

weight assessed the effect of oral honey intake on cardi-
ometabolic outcomes. The results showed that oral

honey intake at a median dose of 40 g over a median
period of 8 weeks resulted in beneficial reductions in

fasting glucose, ALT, total cholesterol, LDL-C, and fast-
ing triglycerides and a significant increase in HDL-C.

There was also a significant increase in markers of
inflammation, specifically IL-6 and TNF-a. There was

effect modification by both the floral source of honey
and the processing of honey. Intake of clover honey and

raw honey appeared to have a beneficial effect on fast-
ing glucose, while both clover honey and robinia honey

produced beneficial reductions in total cholesterol,
LDL-C, and fasting triglycerides. The processing of

honey produced a further effect modification on total
cholesterol, HDL-C, and fasting triglycerides, with raw

honey resulting in a beneficial effect. While there was
no significant effect of oral honey intake on SBP, linear

dose-response analysis showed that SBP decreased with
an increasing dose of honey.

Findings in relation to the literature

The overall beneficial effect of honey on glycemic and

lipid outcomes is consistent with published literature
on this topic. Previous review papers on honey have

presented and argued for a wide-ranging benefit of
honey on cardiometabolic outcomes.9,10,55 In addition,

a cross-sectional analysis of the Tianjin Chronic Low-
Grade Systemic Inflammation and Health cohort study

of 18 000 people in China showed that those who con-
sumed honey regularly had lower odds of prediabetes.56

In that study, the authors also demonstrated a dose-

response relationship between honey intake and predia-
betes, with more regular consumption of honey associ-

ated with a lower prevalence of prediabetes. A cross-
sectional analysis from the same cohort showed that

honey intake in moderate amounts was associated with
lower prevalence of nonalcoholic fatty liver disease as

measured via ultrasound, while a smaller cohort study
(n ¼ 665 men) from Caerphilly, United Kingdom, dem-

onstrated that honey intake was associated with lower
all-cause mortality in a 25-year follow-up study.57,58

A recent systematic review and meta-analysis of 23
controlled trials examining the effect of oral honey

intake on lipid outcomes did not show any benefit of

honey.59 However, it included studies with complex

interventions in which it was difficult to isolate the
effect of honey, which may have led to a weakening of

effect.59 Another systematic review of 13 controlled and
uncontrolled trials reported a beneficial effect of oral

honey intake on adiposity, glycemia, and lipid profiles,
although a quantitative assessment of the overall effect
was not conducted.60 Neither of these studies investi-

gated the effect of honey intake by floral source or
honey processing.

While research on oral consumption of honey by
humans is relatively limited, animal studies examining

the effect of oral honey intake have shown many bene-
fits.61 Rats with a diet high in honey content demon-

strate reduced weight gain and reduced cholesterol
levels, notably LDL-C and fasting triglycerides. It is

important to note, however, that the doses of honey
given to these animal subjects were extremely high,

often 10% to 20% of their daily energy intake, and are
therefore not replicable in humans.62–68 Other studies

in rats confirm a beneficial effect on glycemic out-
comes, demonstrating a reduction in fasting blood

sugar levels.66,67,69,70 Most of the honey types used in
these animal trials were also monofloral raw honey,

confirming the benefits of unprocessed raw honey for a
variety of outcomes.

Subgroup analyses showed that raw honey had a
beneficial effect on lipid levels and fasting glucose com-

pared with processed honey, indicating that processing
might change the composition and bioactivity of honey.

Conventional processing of honey involves several
steps: straining and filtering for suspended and fine par-

ticles at 40�C; heating at 60� to 65�C for a short period
to reduce moisture and yeast, which is responsible for

the fermentation of honey; and then rapidly cooling to
maintain flavor, color, and enzyme content.71 Diastase,

an enzyme found in honey, is responsible for the break-
down of starch to maltose and is sensitive to heat, with

exposure to higher temperatures resulting in reduced
quantities of this enzyme in honey.72 The increased
content of diastase in raw honey may contribute to bet-

ter digestion of starch in individuals who consume sig-
nificant amounts of honey, leading to the beneficial

effects reported in this study. Similarly, hydroxymethyl
furfural, an organic compound found in honey, is often

also used as an indicator of honey quality. Heat treat-
ment of honey results in increased amounts of hydroxy-

methyl furfural in processed honey.73,74 Hydroxymethyl
furfural is converted to 5-sulfoxymethylfurfural, a

known genotoxic compound, in vivo and might medi-
ate the lack of beneficial effect seen in processed

honey.75

Raw honey also contains probiotic bacteria, includ-

ing lactobacilli, which have been shown to improve
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regulation of the immune system, reduce serum lipid

levels, and help supply short-chain fatty acids to the
intestine.76 Therefore, raw honey may offer health bene-

fits not provided by processed honey, as processing
reduces the amounts of these probiotic bacteria.76–79

Lastly, the processing of honey also affects its antioxi-
dant capacity, leading to reductions in components of
honey that may drive the demonstrated benefits in lipid

levels and fasting glucose.80 For example, a study exam-
ining the effects of processing on buckwheat honey

demonstrated a 33% reduction in antioxidant capacity.
Therefore, processing conducted at ambient tempera-

tures, such as high-pressure processing, has been sug-
gested as an alternative means of honey production.80,81

A study comparing the effects of pressure vs thermal
processing showed that honey subjected to high-

pressure processing not only retained but increased its
antioxidant activity, while honey subjected to thermal

processing failed to maintain its antioxidant activity,
confirming the negative effects of applying heat to

honey.81

Monofloral honey types, specifically clover honey

and robinia honey, demonstrated beneficial effects on
lipid levels and fasting glucose compared with polyfloral

honey types, possibly indicating a difference in the
composition of these honeys. While both clover honey

and robinia honey contain many of the same enzymes,
flavonoids, and phenolic compounds as other monoflo-

ral honey types, they differ in relative quantities of these
components and likely have their own unique com-

pounds that may confer distinct properties. For exam-
ple, Manuka honey from New Zealand exhibits strong

antimicrobial properties that are attributed to a methyl-
glyoxal compound that is unique to that honey.82 Both

robinia honey, also marketed as acacia honey, and clo-
ver honey have high fructose content (~40 to 44%).38,83

As small catalytic doses of fructose have demonstrated a
beneficial effect on fasting glucose levels, the high fruc-

tose content in robinia honey may be driving the bene-
fit observed within the subgroup analyses.84 Further,
compositional analysis of clover honey has demon-

strated the presence of the phenolic compound pino-
banksin, a known inhibitor of LDL-C peroxidation,

which may explain the beneficial effect of clover honey
on cholesterol levels.85–87 This highlights the impor-

tance of considering the floral source of honey when
investigating any potential health benefits.88,89

Potential mechanisms of action

Several mechanisms can explain the observed effects of

oral honey intake on fasting glucose, lipid outcomes,
and markers of inflammation. Honey has a complex

composition of organic acids, minerals, vitamins,

enzymes, proteins, amino acids, and bioactive substan-

ces, all of which may mediate an effect on cardiometa-
bolic outcomes.8 It is approximately 80% sugar, the

majority of which is fructose and glucose.90 However,
when considering the glycemic effects of honey, it is

important to highlight that rare sugars constitute
around 14% of the sugar content of honey.91 These rare
sugars are “monosaccharides and their derivatives that

are present in limited quantities in nature.”92 With
slight differences in their chemical structure, many of

these rare sugars have demonstrated effects on short-
and longer-term glycemic outcomes, through either

inhibition of certain enzymes (eg, sucrase) or downre-
gulation of glucose transporters.93 Thus, the presence of

a variety of rare sugars may contribute to the observed
effects of honey on fasting glucose. The beneficial effect

on fasting glucose may also be due to a catalytic effect,
whereby fructose, present in small amounts in honey,

and fructose epimers may increase the rate-limiting glu-
cokinase activity, causing a subsequent increase in hep-

atic glucose metabolism.84 Further, isomaltulose, a rare
sugar present in honey, has been shown to act as a pre-

biotic by promoting the growth of Lactobacillus acido-
phillus, Lactococcus lactis, and Saccharomyces cerevisae,

which are bacteria associated with a healthy gut
microbiome.94

Honey is also rich in phenolic compounds and fla-
vonoids, which may moderate the observed effects on

total cholesterol, LDL-C, HDL-C, and fasting triglycer-
ides.95,96 Phenolic compounds, which have an array of

pharmacological properties, including anti-
inflammatory and anticancer effects, play a role in the

apoptosis of preadipocytes, demonstrating an antiobe-
sogenic effect, and have been show to inhibit lipid accu-

mulation in adipocytes.97 Similarly, flavonoids have
been shown to inhibit nonenzymatic lipid peroxidation,

thereby protecting against free radicals and associated
diseases.98 These compounds may play a role in pro-

moting and maintaining a healthy lipid profile, thus
contributing to the benefits of honey.

Analyses also showed an increase in IL-6 and TNF-

a levels with honey intake. While it is generally accepted
that chronic elevation of IL-6, common in people with

metabolic dysregulation, may be associated with insulin
resistance,99 the glycemic and lipid benefits observed in

this study are at odds with this narrow premise. A study
in healthy people showed that IL-6 may play a role in

maintaining normoglycemia by improving whole-body
energy metabolism, increasing liver efficiency for

nutrient delivery, and improving the uptake and utiliza-
tion of glucose by the muscle.100 Furthermore, IL-6

administration has been shown to increase lipid metab-
olism and maintain substrate supply for organs. In

in vitro studies, specific proteins present in honey
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resulted in the production of TNF-a via stimulation of

Toll-like receptor 4 (TLR4), activating the body’s innate
immune system.101 The pathway of TLR4 signaling also

results in activation of nuclear factor kappa B, which
leads to expression of inflammatory cytokines, includ-

ing IL-6.101 Therefore, specific components of honey
may activate and improve the body’s immune response.
Previous studies examining the effect of fructose on

markers of inflammation have also demonstrated that
fructose consumption leads to increased levels of IL-

6.102 As roughly half of the sugar present in honey is
fructose, it is possible that the high fructose content

could have contributed to the elevated IL-6 levels
observed in the analyses. More research is needed to

assess the role of elevated IL-6 and TNF-a with honey
intake.

Strengths and limitations

This systematic review and meta-analysis has several

strengths. First, a comprehensive and reproducible liter-
ature search and selection process was employed.

Second, the available evidence was collated and synthe-
sized from a large body of controlled feeding trials (18

studies, N¼ 1105), a design that provides the greatest
protection against bias. Third, possible sources of heter-

ogeneity were explored comprehensively. Fourth, the
shape and strength of the dose-response relationships

was evaluated. Finally, the GRADE approach was used
to assess the certainty of evidence.

This analysis also presented some limitations. First,
there was evidence of serious risk of bias in the outcome

of waist circumference because the single trial in this
study did not randomize or conceal the allocation of

treatment groups to participants, thereby increasing the
risk of bias of the effects measured. Second, there was

evidence of substantial unexplained heterogeneity in
fasting glucose, total cholesterol, LDL-C, HDL-C, and

fasting triglycerides. There was also evidence of sub-
stantial heterogeneity in HbA1c, but this was partially
explained by the subgroup analyses as well as by the

removal of one study in the sensitivity analyses.
Therefore, these outcomes were downgraded for the

presence of serious inconsistency. Third, there was evi-
dence of serious indirectness for waist circumference,

apolipoprotein B, and ALT, as only one trial was
included in the analyses of each of these outcomes.

Fourth, there was evidence of serious imprecision for
body weight, waist circumference, SBP, DBP, fasting

insulin, total cholesterol, LDL-C, fasting triglycerides,
apolipoprotein B, IL-6, TNF-a, uric acid, and ALT,

where the 95% confidence intervals crossed the mini-
mally important differences for benefit or harm and,

thus, clinically trivial effects for these outcomes cannot

be ruled out. Finally, there was evidence of publication

bias for fasting glucose, as imputation of studies by the
trim-and-fill method changed the significance of the

findings. There was also evidence of publication bias for
SBP, HDL-C, and fasting triglycerides, but it was not

downgraded because imputation of studies by the trim-
and-fill method did not demonstrate a change in the
significance of the findings.

Weighing the strengths and limitations, the overall
certainty of evidence was low for the reductions in fast-

ing glucose, total cholesterol, LDL-C, fasting triglycer-
ides, and ALT, high for the increase in HDL-C, and

moderate for the increases in IL-6 and TNF-a. The cer-
tainty of evidence ranged from very low to high for all

other outcomes.

Implications

These findings demonstrate that honey has a beneficial
effect on fasting glucose and lipid outcomes while also

increasing IL-6 and TNF-a levels. Honey is around 80%
sugar, but the reduction in fasting glucose indicates that

the rare sugars in honey moderate the effect of fructose
and glucose and may also provide additional benefit for

acute glycemic control. This potential effect is sup-
ported by the large reduction in HbA1c of 0.25% in this

study. Although this did not reach statistical signifi-
cance at the traditional level (P¼ 0.086), the effect esti-

mate and confidence interval were compatible with a
large and consistent reduction. Further studies are

expected to improve this estimate. The improvement in
lipid outcomes also indicates that honey may have a

potential lipid-lowering effect, though the benefit
appears to be clinically trivial.

The floral source of honey is also important to con-
sider because the source of nectar will determine the

composition of honey and its bioactive components,
which may selectively affect some of these cardiometa-

bolic risk factors. For example, there were observed
beneficial effects from clover honey and robinia honey
on glycemic and cholesterol outcomes. Raw honey,

compared with processed honey, demonstrated a bene-
ficial effect on these outcomes as well, indicating that

processing may lower the efficacy of honey by affecting
the activity and quantity of both the enzymes and the

bioactive phenolic compounds present in honey. This
study demonstrates the importance of using unpro-

cessed, specific monofloral honey types in research
studies so that interventions can be replicated and

results will be consistent across specific honey types.
The National Honey Board Consumer Attitudes

and Usage Study of 2020 reports the greatest use of
honey at breakfast, in beverages such as coffee and tea,

and in baked goods.5 Further, sales of raw honey have
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increased by 32%, indicating greater consumption of

honey in this form.5 While the dose of honey consumed
by the general population is not well reported, the

median dose of honey in the present study was 40 g,
which equates to roughly 2 tablespoons, and was often

consumed through addition to foods or beverages as a
sweetener. Therefore, replacing added free sugars in the
diet with honey could lead to a meaningful reduction in

fasting glucose and lipid levels.

CONCLUSION

This systematic review and meta-analysis showed that
oral honey intake reduced fasting glucose, total choles-

terol, LDL-C, fasting triglycerides, and ALT and
increased HDL-C, IL-6, and TNF-a. The confidence in

the effect of honey consumption on HDL-C is high,
owing to no downgrades in the certainty of evidence,

suggesting that the available evidence provides a good
indication of the ability of honey to increase HDL-C.

There is less confidence in the evidence for other out-
comes, which was generally graded as moderate to low,

owing mostly to serious inconsistency or imprecision in
the evidence. Thus, there remains a need for larger,

high-quality trials to improve the effect estimates. The
subgroup analyses also demonstrated effect modifica-

tion by both honey processing and the floral source of
honey, with raw honey, clover honey, and robinia
honey driving the reductions in fasting glucose and

total cholesterol. An additional analysis separating
honey by floral source as well as by processing con-

firmed these benefits. Overall, these findings warrant
further research into the effects of honey consumption,

particularly for the effects of floral source and process-
ing. Further, the results do not support the considera-

tion by policymakers and those who issue guidelines to
designate honey as a free sugar, as honey, when taken

in moderation, may offer a variety of benefits for glyce-
mic control and lipid levels.
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